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SPINNING PACK FOR DRY-WET SPINNING, 
DIVERTING GUIDE FOR FIBER BUNDLE, 
AND APPARATUS AND METHOD FOR 

PRODUCING FIBER BUNDLE 

This is a US. National Phase application of application 
number PCT/JP2005/0l 1506, ?led Jun. 23, 2005. 

TECHNICAL FIELD 

The present invention relates to a spinning pack for semi 
Wet (dry-Wet) spinning, a ?ber bundle diverting guide, and an 
apparatus and method for producing a ?ber bundle. In more 
detail, the invention relates to a spinning pack for semi-Wet 
spinning having 6,000 or more spinning holes for discharging 
a raW spinning solution, a ?ber bundle diverting guide for 
changing the running direction of the ?ber bundle spun from 
the spinning pack and running in a coagulating bath, and an 
apparatus and method for producing a ?ber bundle using the 
spinning pack and the guide. 

BACKGROUND ART 

A semi-Wet spinning method comprises the steps of once 
discharging a polymer solution (raW spinning solution) from 
spinning holes of a spinneret into a gas phase portion (usually 
air), to form ?bers, introducing the ?bers into a coagulating 
bath, for coagulating them, and taking up coagulated ?bers 
from the coagulating bath, to form a ?ber bundle. In the 
semi-Wet spinning method, since a draft of ?bers caused 
When the ?bers are taken up occurs mainly in the gas phase 
portion, the ?bers can be coagulated and gelled at a loW 
tension in the coagulating bath. Based on the process, a ?ber 
bundle having an excellent ability in stretching in a subse 
quent step can be obtained. The semi-Wet spinning method 
can provide a ?ber bundle comprising ?laments each of 
Which has a high density. 
On the other hand, there is a demand for reducing the 

production cost of a carbon ?ber bundle. One of the methods 
for responding to the demand is to enhance the productivity of 
an acrylic ?ber bundle necessary for the production of a 
carbon ?ber bundle. For this productivity enhancement, it is 
necessary to obtain an acrylic ?ber bundle by spinning at a 
higher speed and at a high density (by increasing the number 
of spinning holes of a spinneret). 

HoWever, in the case of spinning at a higher speed, since a 
running speed of a ?ber bundle through a coagulating bath is 
higher, the amount of coagulating liquid ?oWing to accom 
pany the running ?ber bundle increases. Since the accompa 
nying ?oW increases, the amount of the coagulating liquid 
?oWing in the coagulating bath increases to sWell the liquid 
surface of the coagulating liquid, causing a phenomenon of 
vortex formation as the case may be. If this phenomenon 
occurs, the position of the liquid surface of the coagulating 
liquid directly under the spinneret varies greatly. This liquid 
surface variation of the coagulating liquid brings disturbance 
of an arrangement of the ?laments in the ?ber bundle and 
breakage of the ?lament. If the liquid surface variation of the 
coagulating liquid is signi?cant, the surface of the spinneret 
in Which the spinning holes are arranged (spinneret surface) 
contacts the coagulating liquid partially or Wholly and it can 
happen that the semi-Wet spinning cannot be performed. 

In the case of spinning at a higher density, namely, in the 
case Where the number of spinning holes of the spinneret is 
increased, if the intervals betWeen the adjacent spinning holes 
are narroWed, such a phenomenon can happen that While the 
?bers formed by the spinning holes once pass through the gas 
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2 
phase portion, that is, before they are coagulated, the adjacent 
?laments adhere to each other. If the number of holes is 
increased Without causing the phenomenon, the intervals 
betWeen the adjacent spinning holes must be Widened. In this 
case, the spinneret becomes very large and heavy. 
The outer circumferential form of the surface of the con 

ventional spinneret (spinneret surface), in Which holes are 
arranged, is generally circular. If the diameter of the circular 
spinneret is enlarged to increase the number of holes, such a 
phenomenon occurs that the distance betWeen the spinneret 
surface and the liquid surface of the coagulating liquid (air 
gap) at a position near the center of the spinneret surface 
becomes greatly different from that at a position near the 
outer circumference of the spinneret surface When the spun 
numerous ?laments are taken up as a ?ber bundle. In this case, 
as in the aforesaid case of spinning at a higher speed, the 
arrangement of ?laments in the ?ber bundle is disturbed, and 
the ?lament is broken. Further, the spinneret surface may 
partially or Wholly contact the coagulating liquid, and it can 
happen that semi-Wet spinning cannot be performed. 
As methods for solving these problems, How bath spinning 

apparatuses are proposed (for example, patent documents 1 
and 2). A How bath spinning apparatus refers to a spinning 
apparatus in Which While a raW spinning solution is dis 
charged from spinning holes into a coagulating liquid of a 
coagulating bath, the coagulating liquid is made to How 
together With the formed ?bers, and a ?ber bundle consisting 
of the coagulated numerous ?laments and the coagulating 
liquid are made to How through a pipe (?oW pipe portion). In 
the How bath spinning apparatus, the accompanying resis 
tance of the coagulating liquid acting on the ?laments con 
stituting the ?ber bundle oWing to the difference betWeen the 
moving velocity of the ?ber bundle and the moving velocity 
of the coagulating liquid can be reduced. Further, if the How 
of the coagulating liquid is forcibly controlled, the rubbing 
betWeen ?laments can be inhibited. If these actions are used, 
a spinneret larger in the number of spinning holes per spin 
neret (spindle) can be used, and the running velocity of the 
?ber bundle can be increased. 

HoWever, such a How bath spinning apparatus has a prob 
lem that When the ?ber bundle begins to be passed through the 
How pipe portion, that is, When the ?ber bundle is passed as a 
yarn, it can happen that the ?ber bundle as a lump clogs the 
spinning hole portion, to disturb the stable spinning state. 
On the other hand, it is proposed to ?oat balls on the liquid 

surface of a coagulating liquid under near a spinneret, for 
inhibiting the Waving of the liquid surface of the coagulating 
liquid (patent document 3). 

HoWever, it is necessary to check the distance betWeen the 
spinneret surface and the liquid surface of the coagulating 
liquid for daily production control, and in this case, the balls 
disturb the Work. Therefore, the balls must be removed and 
the ef?ciency of control Work declines. 

Moreover, if a spinneret is enlarged to increase the number 
of spinning holes of the spinneret, the amount of a raW spin 
ning solution discharged from the spinning holes positioned 
near the outer circumference of the spinneret surface is likely 
to be different from that discharged from the spinning holes 
positioned near the center of the spinneret surface. This dif 
ference makes the ?laments of the obtained ?ber bundle 
different from each other in ?neness. This ?neness irregular 
ity loWers the quality of the obtained ?ber bundle. Further, 
this ?neness irregularity causes the ?laments obtained from 
the spinning holes positioned near the outer circumference of 
the spinneret surface to be often broken, to loWer the yarn 
formability of the spinning apparatus. 
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Various techniques have been studied for increasing the 
number of holes of a spinneret for a semi-Wet spinning 
method, but the research for increasing the number of holes of 
the spinneret for the semi -Wet spinning method does not shoW 
any signi?cant progress. 

Patent document 1: JP 03-070006 B 
Patent document 2: JP 60-094617 A 
Patent document 3: JP 11-350245 A 

DISCLOSURE OF THE INVENTION 

Problems to be Solved by the invention 

The invention has been made for the purpose of solving the 
problems of the background art as described above. 

The object of the invention is to provide a spinning tech 
nique that alloWs the distance betWeen the spinneret surface 
and the liquid surface of the coagulating liquid, i.e., the air 
gap at near the center of the spinneret to be kept almost equal 
to that at near the outer circumference of the spinneret during 
spinning. 

According to the invention, in a continuous spinning for a 
long time, it can be prevented that a spinneret surface is 
immersed in a coagulating liquid. 

According to the invention, it can be prevented that the 
amount of a raW spinning solution discharged from spinning 
holes positioned near the center of a spinneret surface 
becomes different from that discharged from the spinning 
holes positioned near the outer circumference of the spinneret 
surface. Further, it can be prevented that ?laments discharged 
from the spinning holes positioned near the outer circumfer 
ence of the spinneret surface are broken. As a result, the ?ber 
bundle produced has little or substantially no ?neness irregu 
larity among the ?laments of the ?ber bundle and little or 
substantially no fuzz. 

Means for Solving the Problems 

A spinning pack for semi-Wet spinning of the invention, 
Which comprises a spinneret housing, a raW spinning solution 
passage formed inside the spinneret housing, a raW spinning 
solution feed port formed in the spinneret housing, for feed 
ing the raW spinning solution into the raW spinning solution 
passage, and a spinneret installed in the spinneret housing and 
having numerous spinning holes arranged at intervals for 
discharging the raW spinning solution of the raW spinning 
solution passage, Wherein the outer surface of the spinneret 
faces the liquid surface of a coagulating liquid through a gas 
phase, characterized in that the number of the spinning holes 
is 6,000 or more and that the aspect ratio Ra of an array of the 
spinning holes is 2.5 or more. 

In the spinning pack for semi-Wet spinning of the inven 
tion, it is preferred that the interval of the adjacent spinning 
holes is l to 3 mm. 

In the spinning pack for semi-Wet spinning of the inven 
tion, it is preferred that a branch plate for branching How of 
the raW spinning solution is installed in the raW spinning 
solution feed passage in the spinneret housing. 

In the spinning pack for semi-Wet spinning of the inven 
tion, it is preferred that a perforated plate for dispersing How 
of the raW spinning solution is installed in the raW spinning 
solution feed passage in the spinneret housing, and that the 
gap betWeen the perforated plate and the spinneret is l to 5 
mm. 

In the spinning pack for semi-Wet spinning of the inven 
tion, it is preferred that the numerous spinning holes are 
classi?ed into at least tWo spinning hole groups on a surface 
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4 
of the spinneret, and a spinning hole-free zone free from 
spinning holes is provided betWeen the spinning hole groups. 

In the spinning pack for semi-Wet spinning of the inven 
tion, it is preferred that the Width of the spinning hole-free 
zone is 2.5 to 8 mm. 

In the spinning pack for semi-Wet spinning of the inven 
tion, it is preferred that the ?atness of a surface of the spin 
neret is 0.02 mm or less. 

An apparatus for producing a ?ber bundle of the invention, 
Which comprises a spinning pack for semi-Wet spinning, a 
coagulating bath tank positioned beloW the spinning pack 
With a gap formed betWeen them, and a diverting guide 
installed in the coagulating bath tank, for changing the run 
ning direction of the ?ber bundle immersed and running in a 
coagulating liquid accommodated in the coagulating bath 
tank, characterized in that the spinning pack for semi-Wet 
spinning is a spinning pack for semi-Wet spinning of the 
invention as set forth in any one of the above constitutions. 

In the apparatus for producing a ?ber bundle of the inven 
tion, it is preferred that the long side direction of the spinneret 
corresponding to the Width direction of the aspect ratio Ra is 
parallel to the axial direction of the diverting guide, and that 
the folloWing relation is satis?ed: 

0.5 éWidth of the ?ber bundle on the diverting guide/ 
Length ofthe long sides ofthe spinneretéLO 

In the apparatus for producing a ?ber bundle of the inven 
tion, it is preferred that the diverting guide has a curve having 
a radius of curvature of 1,000 to 3,000 mm in the major 
portion in the longitudinal direction thereof, and is rotatably 
supported in the coagulating bath tank. 

In the apparatus for producing a ?ber bundle of the inven 
tion, it is preferred that a surface of the diverting guide is a 
satin ?nished surface having a grain size of 5 to 50 pm. 

In the apparatus for producing a ?ber bundle of the inven 
tion, it is preferred that an observation hole is provided in the 
coagulating bath tank, for alloWing observation of the inside 
of the tank from outside the tank. 

In the apparatus for producing a ?ber bundle of the inven 
tion, it is preferred that the ?ber bundle is a precursor ?ber 
bundle used for producing carbon ?bers. 
A method for producing a ?ber bundle of the invention, in 

Which a ?ber bundle is produced using an apparatus for pro 
ducing a ?ber bundle, composed of a spinning pack for semi 
Wet spinning, a coagulating bath tank positioned beloW the 
spinning pack With a gap formed betWeen them, and a divert 
ing guide installed in the coagulating bath tank, for changing 
the running direction of the ?ber bundle immersed and run 
ning in a coagulating liquid accommodated in the coagulating 
bath tank, is characterized in that the spinning pack for semi 
Wet spinning is a spinning pack for semi-Wet spinning of the 
invention as set forth in any one of the above constitutions, 
and that the take-up angle of the ?bers discharged from the 
outermost spinning holes formed nearest to the outer circum 
ference of the spinneret and running toWard the diverting 
guide, relative to the spinneret surface of the spinneret is 83° 
to 92°. 

In the method for producing a ?ber bundle of the invention, 
it is preferred that the take-up angle of the ?bers discharged 
from the outermost spinning holes in the long side direction of 
the spinneret corresponding to the Width direction of the 
aspect ratio Ra and running toWard the diverting guide, rela 
tive to the spinneret surface of the spinneret is 870 to 92°, and 
that the take-up angle of the ?bers discharged from the out 
ermost spinning holes in the short side direction of the spin 
neret corresponding to the length direction of the aspect ratio 
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Ra and running toward the diverting guide, relative to the 
spinneret surface of the spinneret is 83° to 87°. 

In the method for producing a ?ber bundle of the invention, 
it is preferred that the diverting guide has a curve having a 
radius of curvature of 1,000 to 3,000 mm in the major portion 
in the longitudinal direction thereof, and is rotatably sup 
ported in the coagulating bath tank. 

In the method for producing a ?ber bundle of the invention, 
it is preferred that a surface of the diverting guide is a satin 
?nished surface having a grain siZe of 5 to 50 pm. 

In the method for producing a ?ber bundle of the invention, 
it is preferred that the long side direction of the spinneret 
corresponding to the Width direction of the aspect ratio Ra is 
parallel to the axial direction of the diverting guide, and that 
the folloWing relation is satis?ed: 

0.5 éWidth of the ?ber bundle on the diverting guide/ 
Length ofthe long sides ofthe spinneretéLO 

In the method for producing a ?ber bundle of the invention, 
it is preferred that an observation hole is provided in the 
coagulating bath tank, for alloWing observation of the inside 
of the tank from outside the tank. 

In the method for producing a ?ber bundle of the invention, 
it is preferred that the ?ber bundle is a precursor ?ber bundle 
used for producing carbon ?bers. 
A ?ber bundle diverting guide of the invention for chang 

ing the running direction of the ?ber bundle, is used in a 
coagulating bath tank of a semi-Wet spinning apparatus, char 
acteriZed in that it has a curve having a radius of curvature of 
1,000 to 3,000 mm in the major portion in the longitudinal 
direction thereof, and can be rotated around the axis thereof. 

In the ?ber bundle diverting guide of the invention, it is 
preferred that a surface of the diverting guide is a satin ?n 
ished surface having a grain siZe of 5 to 50 pm. 

The aspect ratio Ra of the spinning hole array in the inven 
tion is de?ned as folloWs. 

First De?nition of Aspect Ratio Ra of the Spinning Hole 
Array: 

In a spinneret having numerous spinning holes arranged at 
positions symmetrically about a ?rst straight line and a sec 
ond straight line perpendicular to each other, among the 
straight line distances betWeen respective tWo spinning holes 
passed by a straight line parallel to the ?rst straight line 
among the spinning holes, the longest straight line distance is 
expressed as A1, and among the straight line distances 
betWeen respective tWo spinning holes passed by a straight 
line parallel to the second straight line among the spinning 
holes, the longest straight line distance is expressed as B1. In 
this case, the aspect ratio Ra of the spinning hole array is 
de?ned by formula Ra:A1/B1. The direction of the ?rst 
straight line corresponds to the long side direction of the 
spinneret, and the direction of the second straight line corre 
sponds to the short side direction of the spinneret. 

Second De?nition of Aspect Ratio Ra of the Spinning Hole 
Array: 

The face surrounded by the envelope draWn by connecting 
the spinning holes located on the outermost side of the spin 
ning hole array among the numerous spinning holes arranged 
in the spinneret surface, is called a spinning hole region. In 
this case, among the line segments obtained When the straight 
lines passing the center of the spinneret surface cross the 
spinning hole region, the length of the shortest line segment is 
expressed as B2, and among the line segments obtained When 
the straight lines perpendicular to the shortest line segment 
cross the spinning hole region, the length of the longest line 
segment is expressed as A2. In this case, the aspect ratio Ra of 
the spinning hole array is de?ned by formula Ra:A2/B2. 
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6 
MeanWhile, the direction of the longest line segment corre 
sponds to the long side direction of the spinneret, and the 
direction of the shortest line segment corresponds to the short 
side direction of the spinneret. 
As described above, the aspect ratio Ra of the spinning hole 

array of the invention can be de?ned by tWo methods. HoW 
ever, since the spinneret has 6,000 or more spinning holes, 
there is no substantial difference betWeen the value of aspect 
ratio Ra based on the ?rst de?nition and the value of aspect 
ratio Ra based on the second de?nition, in the Working effects 
of the invention. Therefore, as required, the de?nition alloW 
ing easier measurement can be used. 

Effects of the Invention 

According to the invention, in the semi-Wet spinning using 
a spinneret having 6,000 or more spinning holes, the respec 
tive spun ?laments constituting a ?ber bundle are unlikely to 
be affected by How of a coagulating liquid ?oWing to accom 
pany the running of the ?ber bundle in a coagulating bath. 
Therefore, the ?ber bundle produced has little or virtually no 
?neness irregularity betWeen the ?laments formed by the 
spinning holes positioned near the center of the spinneret 
surface and the ?laments formed by the spinning holes posi 
tioned near the outer circumference of the spinneret surface. 
The ?ber bundle produced has feW or virtually no ?lament 
broken therein. 
The ?ber bundle can be preferably used as a precursor ?ber 

bundle for production of carbon ?bers. A carbon ?ber bundle 
produced from the precursor ?ber bundle contributes to the 
cost reduction in the production of a carbon ?ber bundle, 
since the number of carbon ?laments is large. 
The carbon ?ber bundle can be used for producing golf 

shafts, ?shing rods and rackets of tennis, badminton, etc. in 
sports application. It canbe used for producing primary struc 
tural materials such as the main Wings and ?oor beams of 
aircraft in aerospace application. It can be used for producing 
motor vehicles, Windmill blades, pressure vessels, etc. in 
general industrial application. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a front vieW shoWing an example of the spinning 
pack for semi-Wet spinning of the invention. 

FIG. 2 is a top vieW shoWing the spinning pack of FIG. 1. 
FIG. 3 is an Sl-Sl arroW sectional vieW of FIG. 2. 
FIG. 4 is an S2-S2 arroW sectional vieW of FIG. 2. 
FIG. 5 is a bottom vieW shoWing an example of the spin 

neret used in the spinning pack of FIG. 1. 
FIG. 6 is an S3-S3 arroW sectional vieW of FIG. 5. 
FIG. 7 is a bottom vieW shoWing another example of the 

spinneret used in the spinning pack of FIG. 1. 
FIG. 8 is an S4-S4 arroW sectional vieW of FIG. 7. 
FIG. 9 is a vertical sectional shoWing an example of a 

spinning hole formed in the spinneret shoWn in FIG. 5 or FIG. 
7. 

FIG. 10 is a front vieW shoWing an example of the branch 
plate used in the spinning pack of FIG. 1. 

FIG. 11 is a top vieW shoWing the branch plate of FIG. 10. 
FIG. 12 is an S5-S5 arroW sectional vieW of FIG. 11. 
FIG. 13 is a front vieW shoWing an example of the perfo 

rated plate used in the spinning pack of FIG. 1. 
FIG. 14 is a top vieW shoWing the perforated plate of FIG. 

13. 
FIG. 15 is an S6-S6 arroW sectional vieW of FIG. 14. 
FIG. 16 is a schematic sectional vieW shoWing a part of the 

apparatus for producing ?bers of the invention. 
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FIG. 17 is a perspective vieW showing an example of the 
?ber bundle diverting guide used in the coagulating bath tank 
of the apparatus for producing ?bers of FIG. 16. 

FIG. 18 is a draWing shoWing an example of the state Where 
a ?ber bundle runs from the spinning holes arranged in the 
long side direction of the spinneret toWard the diverting guide 
in the apparatus for producing ?bers of FIG. 16. 

FIG. 19 is a draWing shoWing an example of the state Where 
a ?ber bundle runs from the spinning holes arranged in the 
short side direction of the spinneret toWard the diverting guide 
in the apparatus for producing ?bers of FIG. 16. 

FIG. 20 is a side vieW shoWing an example of the diverting 
guide of the invention. 

MEANINGS OF SYMBOLS 

1: spinning pack for semi-Wet spinning 
2: spinneret housing 
2a: loWer union 
2b: upper union 
3: raW spinning solution passage 
4: raW spinning solution feed port 
5: spinning hole 
5a: spinning hole 
5LEa, 5LEb: outermost spinning hole on a long side of 

spinneret 
5SEa, 5SEb: outermost spinning hole on a short side of 

spinneret 
6: spinneret 
6a: spinneret 
6EL: long side of spinneret 
6SE: short side of spinneret 
6aLE: long side of spinneret 
6aSE: short side of spinneret 
7: spinneret surface 
8: branch plate 
8a: branch plate 

10: perforated plate 
10a: perforated plate 
50: outer circumferential form of spinneret 
50a: envelope 
51a, 51b, 51c: spinning hole group 
52: spinning hole region 
52a, 52b, 52c: sectional spinning hole region 
53a, 53b: spinning hole-free Zone 
70: outer circumferential form of spinneret 
70a: envelope 
70Ca, 70Cb: curve 
70La, 70Lb: line segment 
71a, 71b: spinning hole group 
72: spinning hole region 
72a, 72b: sectional spinning hole region 
91: spinning hole body 
92: funnel portion 
111a, 111b: branch passage 
112a, 112b: upstream holloW portion 
113a, 113b: branch hole 
114a, 114b: doWnstream holloW portion 
141: ?oW-through hole 
161: coagulating bath tank 
162: coagulating liquid 
163: coagulating bath 
164: liquid surface of coagulating liquid 
165: gas phase portion 
166: ?ber bundle 
167: ?ber bundle diverting guide 
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8 
167a: ?ber bundle diverting guide 
168: observation hole 
201a, 201b: bearing 
202: surface of diverting guide 
6, 6a, 6b: take-up angle of ?laments 

THE BEST MODES FOR CARRYING OUT THE 
INVENTION 

FIGS. 1 to 4 shoW an example of the spinning pack for 
semi-Wet spinning of the invention. 

In FIGS. 1 to 4, a spinning pack 1 for semi-Wet spinning 
comprises a spinneret housing 2, a raW spinning solution 
passage 3 formed in the spinneret housing 2, a raW spinning 
solution feed port 4 for feeding the raW spinning solution to 
the raW spinning solution passage 3, and a spinneret 6 
installed in the spinneret housing 2 and having numerous 
spinning holes 5 arranged at intervals for discharging the raW 
spinning solution fed from the raW spinning solution passage 
3. The bottom surface of the spinneret 6, i.e., a spinneret 
surface 7 faces the liquid surface of a coagulating liquid in a 
coagulating bath tank through a gas phase (usually air). 
The number of the spinning holes 5 arranged in the spin 

neret 6 in the spinning pack 1 for semi-Wet spinning is 6,000 
or more. The aspect ratio Ra of the spinning hole array of the 
numerous spinning holes 5 is 2.5 or more. 

In the embodiment shoWn in FIGS. 1 to 4, the spinneret 
housing 2 comprises a loWer union 211 having openportions in 
the top face and in the bottom face, an upper union 2b 
mounted in the open portion of the top face of the loWer union 
2a, and the spinneret 6 mounted in the open portion of the 
bottom face of the loWer union 2a. The upper union 2b has the 
raW spinning liquid feed port 4. 

FIGS. 5 and 6 shoW an example of the spinneret 6 in the 
spinning pack 1 for semi-Wet spinning shoWn in FIGS. 1 to 4. 

In FIG. 5, the spinneret 611 has a rectangular outer circum 
ferential form 50. In the spinneret 6a, spinning holes 511 as 
many as 6,000 or more in total are arranged. In the spinneret 
6a, the numerous spinning holes 511 are classi?ed into three 
spinning hole groups 51a, 51b and 510. These spinning hole 
groups 51a, 51b and 510 form sectional spinning hole regions 
52a, 52b and 520. BetWeen the spinning hole group 5211 and 
the spinning hole group 52b, there is a spinning hole-free 
Zone 53ab free from spinning holes, andbetWeen the spinning 
hole group 52b and the spinning hole group 520, there is also 
a spinning hole-free Zone 53bc free from spinning holes. 
The envelope 5011 drawn by connecting the spinning holes 

positioned in the outermost side in the array of all the spinning 
holes 511 formed in the spinneret 611 forms a rectangle With the 
directions of the long sides 6aLE of the spinneret 611 as the 
long sides and With the directions of the short sides 6aSE of 
the spinneret 611 as the short sides. The rectangle draWn by the 
envelope 50a is similarto the outer circumferential form 50 of 
the spinneret 6a. The spinning hole region 52 of the spinneret 
6a is formed by the face surrounded by the envelope 50a. 

In FIG. 5, the straight line distanceA1 referred to in the ?rst 
de?nition of the aspect ratio Ra of the spinning hole array in 
the spinneret 6a is indicated by symbol A1, and the straight 
line distance B1 is indicated by symbol B1. Further, the 
length A2 of the longest line segment referred to in the second 
de?nition of the aspect ratio Ra of the spinning hole array is 
indicated by symbol A2, and the length B2 of the shortest line 
segment is indicated by symbol B2. The numerous spinning 
holes 511 in the spinneret 6a are arranged to ensure that the 
aspect ratio Ra of the spinning hole array becomes 2.5 or 
more. 
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FIGS. 7 and 8 show another example of the spinneret 6 in 
the spinning pack 1 for semi-Wet spinning shoWn in FIGS. 1 
to 4. 

In FIG. 7, the spinneret 6b has an outer circumferential 
form 70 consisting of tWo top and bottom line segments 70La 
and 70Lb parallel to each other, and curves 70Ca and 70Cb 
connected With the ends of these line segments 70La and 
70Lb and curved outward. It is preferred that the curves 70Ca 
and 70Cb are, for example, parts of circles or ellipses. 

In the spinneret 6b, spinning holes 5b as many as 6,000 or 
more in total are arranged. In the spinneret 6b, the numerous 
spinning holes 5b are classi?ed into tWo spinning hole groups 
71a and 71b. These spinning hole groups 71a and 71b form 
sectional spinning hole regions 72a and 72b. BetWeen the 
spinning hole group 71a and the spinning hole group 71b, 
there is a spinning hole-free Zone 71ab free from spinning 
holes. 

The form of the envelope 7011 drawn by connecting the 
spinning holes positioned on the outermost side in the array of 
all the spinning holes 5b formed in the spinneret 6b is similar 
to the outer circumferential form 70 of the spinneret 6b. The 
spinning hole region 72 in the spinneret 6b is formed by the 
face surrounded by the envelope 70a. 

In FIG. 7, the straight line distanceA1 referred to in the ?rst 
de?nition of the aspect ratio Ra of the spinning hole array in 
the spinneret 6b is indicated by symbol A1, and the straight 
line distance B1 is indicated by symbol B1. Further, the 
length A2 of the longest line segment referred to in the second 
de?nition of the aspect ratio Ra of the spinning hole array is 
indicated by symbol A2, and the length B2 of the shortest line 
segment is indicated by symbol B2. The numerous spinning 
holes 5b in the spinneret 6b are arranged to ensure that the 
aspect ratio of the spinning hole array becomes 2.5 or more. 

In the case Where the aspect ratio Ra of the spinning hole 
array in the spinneret 6 having 6,000 or more spinning holes 
5 in total is less than 2.5, the distance betWeen the spinneret 
surface 7 and the liquid surface of a coagulating liquid, 
namely, air gap in the position of the spinning holes posi 
tioned near the outer circumference of the spinneret surface 7 
becomes greatly different from that in the position of the 
spinning holes positioned near the center of the spinneret 
surface 7. For this reason, the adjacent ?laments discharged 
from the spinning holes 5 are likely to adhere to each other 
and to be broken directly under the spinneret surface 7. 
On the other hand, if the aspect ratio Ra of the spinning hole 

array is larger, the in?uence of the liquid surface variation of 
the coagulating liquid on the ?laments directly under the 
spinneret surface 7 becomes small. HoWever, the coagulating 
bath becomes large, and it is dif?cult to increase the holes of 
the spinneret 6. Further, the handling property of the ?ber 
bundle during spinning becomes Worse. So, it is preferred that 
the aspect ratio Ra is 2.5 to 4.0. Amore preferred range is 3.0 
to 3.8. 

FIG. 9 shoWs an example of a spinning hole 5 formed in the 
spinneret 6. 

In FIG. 9, the spinning hole 5 formed in the spinneret 6 
comprises a spinning hole body 91 formed from the spinneret 
surface 7 inWard (upWard in the draWing) and a funnel portion 
92 formed from the surface 711 opposite to the spinneret 
surface 7 inWard (doWnWard in the draWing) and connected 
With the spinning hole body 91. The spinning hole body 91 
has diameter D (hereinafter referred to as the spinning hole 
diameter D) and length L (hereinafter referred to as the spin 
ning hole length L). 

It is preferred that the spinning hole diameter D is 0.08 to 
0.18 mm. A more preferred range is 0.10 to 0.15 mm. In the 
case Where the spinning hole diameter D is smaller than 0.08 
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10 
mm, it may be dif?cult to Wash the spinneret, since the Wash 
ing liquid is unlikely to How into the respective spinning 
holes. On the other hand, in the case Where the spinning hole 
diameter D is larger than 0.18 mm, the raW spinning solution 
discharged from the respective spinning holes may not go into 
the coagulating bath straight and may be fused to the regions 
adjacent to the spinning holes, causing the ?laments to be 
broken. 

It is preferred that the ratio L/D of the spinning hole length 
L to the spinning hole diameter D is 2 to 5. If L/D is less than 
2, the raW spinning solution discharged from the respective 
spinning holes may not go into the coagulating bath straight 
and may be fused to the regions adjacent to the spinning holes, 
causing the ?laments to be broken. On the other hand, if L/D 
is more than 5, it may be dif?cult to Wash the spinneret, since 
the Washing liquid is unlikely to How into the respective 
spinning holes. 

It is preferred that the numerous spinning holes 5 of the 
spinneret 6 are arranged in such a manner that a distance 
(spinning hole pitch) betWeen the centers of adjacent spin 
ning holes in the long side direction and in the short side 
direction of the spinneret 6 is in the range of 1 to 3 mm. 

If the spinning hole pitch is smaller than 1 mm; the gas 
(usually air) is likely to be disturbed in the gas phase portion 
formed betWeen the spinneret surface 7 and the liquid surface 
of the coagulating liquid. In this case, the adjacent ?laments 
are likely to adhere to each other. On the other hand, if the 
spinning hole pitch is larger than 3 mm, the spinneret 6 is 
enlarged, and the liquid surface of the coagulating liquid is 
likely to sWell in the positions betWeen the respective ?la 
ments discharged into the coating bath. A sWelling in the 
liquid surface of the coagulating liquid causes the spinneret 
surface 7 to be immersed in the coagulating liquid. Therefore, 
it is more preferable that the spinning hole pitch is in the range 
of1.5 to 2.5 mm. 

It is preferred that the numerous spinning holes 5 of the 
spinneret 6 in the spinning pack 1 for semi-Wet spinning of the 
invention are arranged in such a manner that they are classi 
?ed into plural sectional spinning hole regions. The plural 
sectional spinning hole regions are shoWn, for example, as 
sectional spinning hole regions 52a, 52b and 520 in FIG. 5 
and as sectional spinning hole regions 72a and 72b in FIG. 7. 

If plural sectional spinning hole regions are formed, a 
spinning hole-free Zone(s) is formed betWeen adjacent sec 
tional spinning hole regions. The spinning hole-free Zone(s), 
is shoWn, for example, as the spinning hole-free Zone 5311b or 
53bc in FIG. 5 and as the spinning hole-free Zone 71ab in FIG. 
7. 
The spinning hole-free Zone is formed as a groove provided 

betWeen the plural sectional spinning hole regions. The spin 
ning hole-free Zone is utiliZed for a place for ?xing the spin 
neret When the spinneret is manufactured. The spinning hole 
free Zone alloWs the production of a highly accurate 
spinneret. 
When the discharge of the raW spinning liquid from the 

respective spinning holes is checked after installing the spin 
ning pack in the raW spinning liquid feed line, the presence of 
the plural sectional spinning hole regions facilitates the con 
?rmation of the positions (addresses) of the spinning holes to 
be checked. This alloWs e?icient repair Work of the spinneret. 

The con?guration of the plural sectional spinning hole 
regions on the spinneret surface can be, for example, four 
regions located to form a cross shape, plural regions located in 
parallel to each other merely in one direction, or four regions 
located in parallel to each other lengthWise and crossWise as 
if to form a rectangle as a Whole. A con?guration preferred in 
vieW of high speed production of a ?ber bundle is the plural 
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parallel regions. The con?guration of the plural parallel 
regions is shoWn, for example, as the sectional spinning hole 
regions 52a, 52b and 520 in FIG. 5 and as the sectional 
spinning hole regions 72a and 72b in FIG. 7. In the con?gu 
ration of the plural parallel regions, it can be prevented that 
?oW of the coagulating liquid from the liquid surface region 
of the coagulating liquid facing the spinning hole-free Zone to 
the liquid surface region of the coagulating liquid facing the 
sectional spinning hole region collides directly under the 
spinneret surface. Therefore, this con?guration gives a large 
effect of inhibiting the liquid surface variation of the coagu 
lating liquid. 

The number of regions canbe decided in response to a form 
of the spinneret, a ?neness of the ?bers, etc. For example, if 
the aspect ratio Ra of the spinning hole array is 2.5, it is 
desirable that the number of regions is 2, and if the aspect ratio 
Ra is 3.8, it is desirable that the number of regions is 4. 

It is preferred that a Width of each spinning hole-free Zone 
is 2.5 mm to 8 mm. If the Width of the spinning hole-free Zone 
is less than 2.5 mm, it can happen that the Width is equal to the 
value of hole intervals of respective spinning holes (spinning 
hole pitch). In this case, it is di?icult to manufacture the 
spinneret or repair the spinneret surface. If the Width of each 
spinning hole-free Zone is more than 8 mm, ?oW of the coagu 
lating liquid from the liquid surface region of the coagulating 
liquid facing the spinning hole-free Zone to the liquid surface 
region of the coagulating liquid facing the sectional spinning 
hole region forms vortexes directly under the spinneret sur 
face, and the ?laments discharged from the spinning holes are 
likely to be broken. Otherwise, the spinneret surface is likely 
to be immersed in the coagulating liquid. It is more preferred 
that the Width of each spinning hole-free Zone is 3 mm to 7 
mm. A further more preferred range is 4 mm to 6 mm. 

It is preferred that a ?atness of the spinneret is 0.02 mm or 
less. The ?atness is measured as described beloW. The spin 
neret is placed on a surface plate, and a dial gauge is applied 
to the spinneret surface. The dial gauge refers to a generally 
used micrometer having a needle. The measurement length 
per place is 5 mm, and this measurement is performed at eight 
places selected at random on the spinneret surface. The dif 
ference betWeen the maximum value and the minimum value 
of the obtained measured values is employed as the ?atness. 
In the case of a spinneret in Which the aspect ratio Ra of the 
spinning hole array is 2.5 or more, if the ?atness of the 
spinneret is more than 0.02 mm in the spinning hole region 
outermost in the longitudinal direction of the spinneret, the air 
gap difference becomes large locally. So, it is preferred that 
the ?atness is 0.02 mm or less. 

The spinning pack 1 for semi-Wet spinning of the invention 
has a spinneret having 6,000 or more spinning holes 5, in 
Which the aspect ratio Ra of the spinning hole array is 2.5 or 
more. Therefore, a distance from the raW spinning solution 
feed port 4 to the spinning holes positioned near the short 
sides of the spinneret 6 is long. For this reason, a difference is 
likely to occur betWeen the discharge state of the raW spinning 
solution discharged from the spinning holes positioned near 
the center of the spinneret surface 7 and the discharge state of 
the raW spinning solution discharged from the spinning holes 
positioned near the outer circumference of the spinneret sur 
face 7, especially near the short sides of the spinneret 6. 

To keep the difference in the discharge state as small as 
possible, or to eliminate the difference, it is preferred that a 
branch plate 8 is installed in the raW spinning solutionpassage 
3 as shoWn in FIG. 3 in the spinning pack 1 for semi-Wet 
spinning of the invention. OWing to the branch plate 8, the raW 
spinning solution fed from one raW spinning solution feed 
port 4 to the raW spinning solution passage 3 is branched into 
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plural streams, being distributed to the spinneret 6. The 
branch plate 8 also functions to prevent the spinning pack 1 
from being strained. 

In FIGS. 10 to 12, an example of the branch plate 8 used in 
the spinning pack 1 is shoWn. 

In FIGS. 10 to 12, a branch plate 811 has tWo branch pas 
sages 111a and 1111). Each ofthe branch passages 111a and 
111!) comprises an upstream holloW portion 11211 or 112!) 
formed from the circumference of the top face toWard the 
center, a branch hole 11311 or 113!) formed in the bottom of the 
upstream holloW portion 11211 or 112b, and a doWnstream 
holloW portion 11411 or 114!) formed from the circumference 
of the bottom face toWard the center, respectively. The bottom 
(top face in the draWing) of the doWnstream holloW portion 
11411 or 114!) communicates With the branch hole 11311 or 
1131) respectively. As required, plural similar branch plates 
can be installed in stages so that the raW spinning solution can 
be separated like a tournament chart. 

It is more preferred that the raW spinning solution is 
branched into streams as many as the sectional spinning hole 
regions of the spinneret 6, and that a branch hole is located 
upWard at the center of each spinning hole region. 

In the spinning pack 1 for semi-Wet spinning of the inven 
tion, it is preferred that a perforated plate 10 is installed in the 
raW spinning solution passage 3. In general, it is assumed that 
the raW spinning solution ?oWing from the raW spinning 
solution feed port 4 of the spinning pack 1 into the raW 
spinning solution passage 3 contains any foreign matter, and 
a ?lter 9 for ?ltering aWay the foreign matter is installed in the 
raW spinning solution passage 3 before the raW spinning 
solution reaches the spinning holes 5. It is preferred that the 
perforated plate 10 for supporting the ?lter 9 is installed 
betWeen the spinneret 6 and the branch plate 8. 

FIGS. 13, 14 and 15 shoW an example of the perforated 
plate 10 used in the spinning pack 1 for semi-Wet spinning. 

In FIGS. 13 to 15, a perforated plate 1011 has numerous 
?oW-through holes 141 uniformly formed over the entire 
surface. The numerous ?oW-through holes 141 uniformly 
formed over the entire surface alloW the raW spinning solution 
to uniformly ?oW over the entire surface of the ?lter 9 placed 
on the perforated plate 1011, Without alloWing the raW spin 
ning solution to be retained locally. 

It is preferred that the hole density of the ?oW-through 
holes 141 in the perforated plate 10a is larger than the hole 
density of the spinning holes in the spinneret 6. It is preferred 
that the opening percentage of the ?oW-through holes 141 of 
the perforated plate 1011 based on the raW spinning solution 
passage area on the top face of the perforated plate 10a is 15 
to 30%. 

It is preferred that the gap betWeen the spinneret 6 and the 
perforated plate 10 in the spinneret housing 2 is l to 5 mm. If 
the gap is less than 1 mm, the raW spinning solution fed from 
the perforated plate 10 to the spinneret 6 and discharged from 
the numerous spinning holes 5 is likely to be locally irregular, 
and the increase of pressure in the spinning pack 1 is likely to 
deform the spinneret 6. On the other hand, if the gap is more 
than 5 mm, the raW spinning solution discharged from the 
spinning holes positioned near the center of the spinneret 
surface 7 is likely to be different in amount from that dis 
charged from the spinning holes positioned near the outer 
circumference, and further, the raW spinning solution is likely 
to be locally retained and deteriorated. A more preferred gap 
ranges from 1 to 3 mm. 

The spinning pack 1 for semi-Wet spinning of the invention 
is combined With a coagulating bath tank installed beloW it, to 
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be used for producing a ?ber bundle. An example of the 
apparatus for producing ?bers of the invention is shoWn in 
FIG. 16. 

In FIG. 16, beloW the spinning pack 1 for semi-Wet spin 
ning, a coagulating bath tank 161 is installed. The coagulating 
bath tank 161 internally accommodates a coagulating liquid 
162, to form a coagulating bath 163. BetWeen the liquid 
surface 164 of the coagulating liquid 162 and the spinneret 
surface 7 of the spinneret 6 of the spinning pack 1, a gas phase 
portion 165 is present. The gas phase portion 165 is usually 
formed by air. 

In the coagulating bath tank 161, installed is a diverting 
guide 167 for changing the running direction of the ?ber 
bundle 166 comprising the numerous ?laments discharged 
from the numerous spinning holes 5 formed in the spinneret 6. 
The ?ber bundle 166 runs in contact With the diverting guide 
167, to be changed in the running direction thereof, and is 
taken up outside the coagulating bath tank 161. 
A tank Wall of the coagulating bath tank 161 partially has 

an observation hole 168 formed so that the running state of the 
?ber bundle 166 in the coagulating bath 163, especially the 
possible disturbance in the arrangement of the ?laments con 
stituting the ?ber bundle 166 on the diverting guide 167 and 
the possible Winding of the ?laments around the diverting 
guide 167 can be observed. The form of the observation hole 
168 is, for example, circular or quadrilateral. The observation 
hole 168 can also be formed in a tank Wall as a Whole of the 
coagulating bath tank 161. 

The diverting guide 167 is installed and supported by the 
tank Walls of the coagulating bath tank 161 so that the axial 
direction of the diverting guide (directionperpendicular to the 
paper surface in FIG. 16) may be parallel to the long side 
direction of the spinneret 6 corresponding to the Width direc 
tion of the aspect ratio Ra (direction perpendicular to the 
paper surface in FIG. 16). In the diverting guide 167 and the 
spinneret 6, it is preferred that FBW as the Width of the ?ber 
bundle 166 on the diverting guide 167 and SLEL as the length 
of the long sides 6LE of the spinneret satisfy the folloWing 
relation (see FIG. 18). 

0.5 éWidth of the ?ber bundle on the diverting guide 
(FBW)/Length of the long sides of the spinneret 
(SLEL)§1.0 

In the case Where the value of FBW/SLEL is smaller than 
0.5, When the ?laments 166SEa and 166SEb discharged from 
the spinning holes SSEa and SSEb on the short sides of the 
spinneret 6 are bundled into the ?ber bundle 166 in the coagu 
lating bath 163, the take-up angle 0a becomes small. As a 
result, the ?laments are likely to be broken. 

In the case Where the value of FBW/SLEL is larger than 
1.0, the arrangement of ?laments in the ?ber bundle is likely 
to be disturbed. If the arrangement of ?laments in the ?ber 
bundle 166 is disturbed, the ?laments become loose in the 
product obtained by Winding the ?ber bundle 166, to loWer 
the appearance quality of the product. It is more preferred that 
the value of FBW/SLEL is 0.6 to 0.9. 
A Width of the ?ber bundle 166 on the diverting guide 167 

can be adjusted by changing the installation depth of the 
diverting guide 167 in the coagulating bath 163, or changing 
the radius of curvature RC of the diverting guide 167 in the 
longitudinal direction (axial direction), or installing a yarn 
Width regulating element (not shoWn in the draWing) betWeen 
the spinneret 6 and the diverting guide 167. 

FIGS. 17 and 20 shoW an example of the diverting guide 
167. 

In FIGS. 17 and 20, a diverting guide 16711 has a curve 
having a radius of curvature RC of 1,000 to 3,000 mm in the 
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major portion in the longitudinal direction (axial direction) 
thereof, and is supported by bearings 201a and 20119 at both 
ends in such a manner that it can rotate around the axis 
thereof. The bearings 201a and 20119 are installed in the tank 
Walls of the coagulating bath tank 161. 

If the radius of curvature RC of the diverting guide 16711 is 
less than 1,000 mm, the ?laments may adhere to each other in 
the coagulating bath 163. If the radius of curvature RC is more 
than 3,000 mm, the effect of bundling the numerous ?laments 
When the ?ber bundle 166 is formed may decline, and a 
tension acting on the ?laments in the coagulating bath 163 
may become high. 
The cross sectional form of the diverting guide 16711 is 

adequately selected in relation With the strength depending on 
the material thereof. Usually it is preferred that the cross 
sectional form is circular and that a diameter Gd at the mini 
mum cross sectional area portion is 3 to 10 mm. 

The diverting guide 16711 is, for example, a rod made of a 
hard chromium-plated metal, or a rod made of a metal coated 
With titanium, alumina, ceramics such as titanium carbide, 
te?on (registered trademark), silicon, etc. Among these 
examples, a rod made of hard chromium-plated stainless steel 
is more preferred. 

It is preferred that a surface 202 of the diverting guide 16711 
in contact With the ?ber bundle 166 is a satin ?nished surface. 
In this case, the contact area With the ?ber bundle 166 can be 
small, to reduce the coef?cient of friction, thereby loWering a 
tension acting on the ?ber bundle 166. The surface 202 in 
contact With the ?ber bundle 166 can also be a mirror ?nished 
surface, but this is not preferred since the contact area With the 
?ber bundle 166 increases to raise the coef?cient of friction. 
Especially When the diverting guide 167 is plated With hard 
chromium, it is preferred that the diverting guide 167 has a 
satin ?nished surface. 

It is preferred that the average grain siZe of the satin ?n 
ished surface is 5 to 50 um. In this case, the coef?cient of 
friction betWeen the diverting guide 167 and the ?ber bundle 
166 is optimiZed, and in addition, the tension acting on the 
?ber bundle 166 can be adjusted to an adequate value. 
The average grain siZe of the satin ?nished surface can be 

measured by observing With an epi-illumination metallo 
graphic micro scope. On the surface 202 of the diverting guide 
167 in the portion in contact With the ?ber bundle 166, ten 
places of measurement are selected at random, and observed 
and measured using a vertical ?uorescence metal micro scope. 
The average value of the obtained values is employed as the 
average grain siZe of the satin ?nished surface. 

Since the diverting guide 16711 has a radius of curvature RC 
as shoWn in FIG. 20, it has a gentle curve in the longitudinal 
direction thereof, and it can rotate around the axis thereof. 
Therefore, the diverting guide 167a supported by the bearings 
201a and 20119 freely rotates to contact the ?ber bundle 166 at 
the most suitable position of the curve in response to the 
take-up tension of the ?ber bundle 166, for optimiZing the 
tension. 

For example, if the tension is high, the diverting guide 167a 
rotates to ensure that a relatively depressed portion contacts 
the ?ber bundle 166 for loWering the tension. If the tension is 
loW, the diverting guide 167a rotates to ensure that a relatively 
projected portion contacts the ?ber bundle 166 for not loW 
ering the tension. Further, the take-up angle of the ?ber 
bundle 166 after completion of diversion (the angle formed 
betWeen the axis of the diverting guide 167a and the ?ber 
bundle 166 after completion of diversion) can also be 
adjusted and the angle alWays most suitable for the running 
direction of the ?ber bundle 166 can be achieved. 
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A method for producing a ?ber bundle of the invention is 
explained below in reference to FIGS. 18 and 19. 

The method for producing a ?ber bundle by semi-Wet 
spinning of the invention is characterized in that a take-up 
angle 0 of the ?laments discharged from the outermost spin 
ning holes formed nearest to the outer circumference of the 
spinneret 6 and running toWard the diverting guide 167, rela 
tive to the spinneret surface 7 is 83° to 92°. 

If the take-up angle 0 is smaller than 83°, a tension acting 
on the ?laments discharged from the spinning holes posi 
tioned near the center of the spinneret surface 7 is greatly 
different from the tension acting on the ?laments discharged 
from the spinning holes positioned near the outer circumfer 
ence of the spinneret surface 7. An excessive tension acts 
especially on the ?laments 166SEa and 166SEb discharged 
from the spinning holes SSEa and SSEb located on the short 
sides of the spinneret surface 7. As a result, the ?laments are 
likely to be broken since an excessive tension act on them. 

If the take-up angle 0 is larger than 92°, the arrangement of 
?laments is likely to be disturbed since the Width of the ?ber 
bundle 166 is Widened. The disturbance in the arrangement of 
?laments refers to a phenomenon that the ?laments Wobble, 
and causes variation in the ?neness of ?laments. The distur 
bance in the arrangement of ?laments loosens the ?laments in 
the ?ber bundle package obtained by Winding the ?ber bundle 
1 66 around a bobbin, etc. A ?ber bundle package having loose 
?laments is evaluated as a product having loW appearance 
quality. 

The take-up angle 0 of the ?laments discharged from the 
outermost spinning holes formed nearest to the outer circum 
ference of the spinneret 6 and running toWard the diverting 
guide 167, relative to the spinneret surface 7 includes tWo 
cases, take-up angle 0a and take-up angle 0b. 

FIG. 18 shoWs an example of the take-up angle 0a as one 
case of the take-up angle 0. In FIG. 18, the angle of the 
?laments 166SEa and 166SEb discharged from the spinning 
holes SSEa and SSEb positioned at the outermost positions on 
both sides in the long side 6LE direction of the spinneret 6, 
i.e., the outermost spinning holes SSEa and SSEb of the short 
sides 68E of the spinneret 6 and running toWard the diverting 
guide 167, relative to the spinneret surface 7 is the take-up 
angle 0a. In the method for producing a ?ber bundle of the 
invention, it is preferred that the take-up angle 0a is 87° to 92°. 
Amore preferred take-up angle 0a range is 89° to 91°. 

FIG. 19 shoWs an example of a take-up angle 0b as the 
other case of the take-up angle 0. In FIG. 19, the angle of the 
?laments 166LEa and 166LEb discharged from the spinning 
holes SLEa and SLEb positioned at the outermost positions 
on both sides in the short side 6SE direction of the spinneret 
6, i.e., the outermost spinning holes SLEa and SLEb of the 
long sides 6LE of the spinneret 6, relative to the spinneret 
surface 7 is the take-up angle 0b. In the method for producing 
a ?ber bundle of the invention, it is preferred that the take-up 
angle 0b is 83° to 87°. A more preferred take-up angle 0b 
range is 85° to 87°. 

The take-up angles 0, 0a and 0b can be calculated by 
calculation from the relation among the positions of the ?la 
ments running at the extreme ends on the diverting guide 167, 
the positions of the outermost spinning holes of the spinneret 
6, and the distance from the spinneret surface 7 to the divert 
ing guide 167. Further, a protractor can also be applied to the 
spinneret surface 7, to directly measure the angle of ?laments. 
The take-up angle 0 of the ?ber bundle 166 can be opti 

mized by adjusting the distance betWeen the spinneret surface 
7 and the diverting guide 167 and the Width FBW of the ?ber 
bundle 166 on the diverting guide 167. The Width FBW of the 
?ber bundle 166 on the diverting guide 167 can be adjusted by 
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16 
changing the radius of curvature RC of the diverting guide 
167 in the longitudinal direction thereof, or installing a yarn 
Width regulating element (not shoWn in the draWing) betWeen 
the spinneret 6 and the diverting guide 167. Further, if the 
aspect ratio Ra of the spinning hole array is adjusted, the 
take-up angle 0 of the ?laments discharged from the outer 
most spinning holes SLEa and SLEb of the long sides 6LE of 
the spinneret 6 can be adjusted. 
The diverting guide 167 for changing the running direction 

of the ?ber bundle 166 can remarkably decreases the area of 
the accompanying ?oW generated by the spread of the ?ber 
bundle 166 in the coagulating liquid 162 of the coagulating 
bath 163. As a result, it can be prevented that the tension 
acting on the ?ber bundle 166 after completion of diversion is 
extremely increased, and the ?laments of the ?ber bundle 166 
can be prevented from being broken. 
As the raW material of the ?bers used in the method for 

producing a ?ber bundle of the invention, an acrylic polymer 
can be preferably used. It is preferred that the acrylic polymer 
used is produced from 90 Wt % or more of acrylonitrile and 
less than 10 Wt % of a monomer copolymerizable With acry 
lonitrile. 
A copolymerizable monomer can be at least one selected 

from a group consisting of acrylic acid, methacrylic acid, 
itaconic acid, their methyl esters, propyl esters, butyl esters, 
alkali metal salts, ammonium salts, allylsulfonic acid, meth 
allylsulfonic acid, styrenesulfonic acid, and their alkali metal 
salts. 

Such an acrylic polymer can be obtained by such a poly 
merization method as emulsion polymerization, block poly 
merization or solution polymerization. As the yardstick for 
the polymerization degree in this case, an intrinsic viscosity 
of 1.0 or more is preferred. More preferred is 1.25 or more, 
and especially preferred is 1.5 or more. It is preferred in vieW 
of spinning stability that the intrinsic viscosity is 5.0 or less. 
From the obtained polymer, a polymer solution is prepared 

using dimethylacetamide, dimethyl sulfoxide (hereinafter 
referred to as DMSO), dimethylformamide, nitric acid or 
sodium rhodanate Washing liquid, etc. as the solvent. The 
polymer solution is used as a raW spinning solution in the 
method for producing a ?ber bundle of the invention. 

In the case of a spinning method using a solvent and a 
plasticizer, s spun ?ber bundle can be stretched in a bath 
directly or after Washing aWay a solvent and a plasticizer. It is 
preferred that a stretching ratio in the stretching in a bath is 
about 2 to about 6 times in a bath of 30 to 98° C. After 
completion of stretching in a bath, it is preferred to apply a 
silicone oil to the ?ber bundles. The silicone oil is often used 
as an emulsion, and in this case, it is preferred to use an 
emulsi?er together. 
The emulsi?er refers to a compound having surface activ 

ity that promotes and stabilizes the production of the emul 
sion. As a particular example, a polyethylene glycol alkyl 
ether can be preferably used. 
A method for applying the silicone oil to the ?ber bundle 

can be adequately selected. Particularly such a means as 
immersion, use of kiss roller or guide lubrication can be 
employed. It is preferred that the deposited amount of the 
silicone oil is 0.01 to 8 Wt %. A more preferred range is 0.02 
to 5 Wt %, and an especially preferred range is 0.1 to 3 Wt %. 

If a deposited amount is smaller than 0.01 Wt %, the ?la 
ments are likely to fuse each other, to loWer the appearance 
quality of the ?ber bundle. If the deposited amount is larger 
than 8 Wt %, the amount of the oil coming off in the ?ber 
bundle production process or in the ?ber bundle burning step 
for producing carbon ?bers using the produced ?ber bundle 
becomes large. In this case, marks of the oil deposited in the 
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?ber bundle production process may lower the appearance 
quality of the ?ber bundle or the operation ef?ciency in the 
burning step may decline. 

The oil-deposited ?ber bundle can be quickly dried by at 
least one or more hot drums, for densifying. It is preferred that 
the drying temperature is higher, since the crosslinking reac 
tion of the silicone oil is promoted. A drying temperature of 
150° C. or higher is preferred, and 180° C. or higher is more 
preferred. 

The drying temperature, drying time, etc. can be 
adequately changed. Moreover, the dried and densi?ed ?ber 
bundle can also be further stretched as required While being 
heat-treated in a high temperature environment of pressure 
steam, etc. The heat treatment uniformly spreads the oil, 
giving a large effect of preventing the surface defects of 
?laments caused by adhesion betWeen ?laments, and a ?ber 
bundle having a more preferred ?neness and crystal orienta 
tion degree can be obtained. The steam pressure, temperature, 
stretching ratio, etc. during the post-stretching can be 
adequately selected in such a manner that neither ?lament 
breaking nor ?uff occurs. 

The invention is explained further beloW in reference to 
examples. The average grain siZe of the satin ?nished surface 
of the diverting guide and the take-up angle of ?laments 
discharged from the outermost spinning holes of the spinneret 
surface and running toWard the diverting guide Were respec 
tively obtained according to the measuring methods 
described before. 

EXAMPLE 1 

A solution obtained by dissolving 20 Wt % of an acrylic 
polymer having an intrinsic viscosity [1]] of 1.75 obtained 
from 99 mol % of acrylonitrile and 1 mol % of itaconic acid, 
into dimethyl sulfoxide (hereinafter abbreviated as DMSO) 
Was solution-polymerized to obtain a polymer solution. 
Ammonia gas Was bloWn into the obtained polymer solu 

tion till the pH became 8.5, to neutraliZe itaconic acid and to 
introduce ammonium groups into the polymer, for enhancing 
the hydrophilicity of the polymer solution, to thereby obtain 
a raW spinning solution. The temperature of the obtained raW 
spinning solution Was 30° C. 
A spinneret 6 having tWo sectional spinning hole regions 

each having 3,000 spinning holes 5, i.e., having 6,000 spin 
ning holes in total Was prepared. The Width of the spinning 
hole-free Zone betWeen the tWo sectional spinning hole 
regions Was 4 mm. The aspect ratio Ra of the spinning hole 
array Was 3.2. The intervals of the adjacent spinning holes 
(spinning hole pitch) Were 2.5 mm. 
The spinning hole diameter D of the respective spinning 

holes 5 Was 0.15 mm, and the spinning hole length L Was 0.45 
mm. Aperforated plate 10 and a branchplate 8 Were prepared. 
The spinneret 6, the perforated plate 10 and the branch plate 
8 Were assembled into the spinneret housing 2, and the gap 
betWeen the spinneret 6 and the perforated plate 10 Was set at 
4 mm, to prepare a spinning pack 1. 

BeloW the spinning pack 1, a coagulating bath tank 161 Was 
arranged. In the coagulating bath tank 161, a stainless steel 
diverting guide 167 having a hard chromium plated and satin 
?nished surface 202 having an average grain siZe of 15 um, a 
cross sectional area diameter Gd of 5 mm and a radius of 
curvature RC of 1,500 mm in the longitudinal direction Was 
installed. The diverting guide 167 Was installed in the tank 
Walls of the coagulating bath tank 161 in such a manner that 
it can rotate around the axis thereof. 

Into the coagulating bath tank 161, a coagulating liquid 162 
consisting of 35 Wt % of DMSO and 65 Wt % of Water Was 
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supplied. The temperature of the coagulating liquid 162 Was 
50 C. The gap betWeen the liquid surface of the coagulating 
liquid 162 and the spinneret surface 7 Was about 3 mm, and a 
gas phase portion 164 composed of air Was present there. 
The raW spinning solution prepared as described above Was 

fed from the raW spinning solution feed port 4 of the spinning 
pack 1 and discharged from the numerous spinning holes 5 of 
the spinneret 6. FloW of the raW spinning solution consisting 
of numerous lines discharged and formed by the spinning 
holes 5 passed through the gas phase portion 165 and Went 
into the coagulating liquid 162, to form a ?ber bundle 166 
consisting of numerous ?laments. The formed ?ber bundle 
Was changed in running direction by the diverting guide 167 
and taken up at a take-up speed of 25 m/min toWard outside 
the coagulating bath tank 161. 
When the ?ber bundle Was taken up, the take-up angle 0b of 

the ?laments from the outermost spinning holes of the long 
sides 6LE of the spinneret 6 Was 87°, and the take-up angle 0a 
of the ?laments from the outermost spinning holes of the short 
sides 68E of the spinneret 6 Was 90°. 
The running ?ber bundle taken out of the coagulating bath 

tank 161 Was in succession Washed With Water and stretched 
to 3 times in hot Water having a temperature of 70° C., further 
being passed through an oil bath, to have a silicone oil depos 
ited on it. 
The silicone oil Was an aqueous emulsion containing an 

amino-modi?ed silicone, an epoxy-modi?ed silicone and an 
alkylene oxide-modi?ed silicone. The oil bath Was diluted by 
Water to ensure that the pure oil content (silicone ingredients) 
became 2.0 Wt %. 
The ?ber bundle treated With the oil Was further made to 

run in contact With a heating roller having a temperature of 
180° C., to be dried for a contact time of 40 seconds. The 
obtained dried ?ber bundle Was stretched to a stretching ratio 
of about 5 times in pressure steam of 0.4 MPa-G. The total 
stretching ratio of the ?ber bundle in the entire process Was 
about 13 times. 

Then, tWo ?ber bundles, each obtained as described above, 
Were joined to obtain a ?ber bundle consisting of 12,000 
?laments. The ?ber bundle had a ?lament ?neness of 1 .1 dtex, 
a strength of 6.4 g/dtex and an elongation of 7.3%. The 
deposited amount of the pure silicone oil of the ?ber bundle 
Was 1.0 Wt %. The ?ber bundle had suf?cient properties as an 
acrylic precursor ?ber bundle for production of carbon ?bers. 

EXAMPLE 2 

A ?ber bundle 166 Was produced using the same apparatus 
and method as those of Example 1, except that the total 
number of spinning holes 5 Was changed to 8,000, that the 
amount of the raW spinning solution discharged from the 
spinning holes 5 Was changed to 1.67 times, that the take-up 
angle 0b of the single ?bers from the outermost spinning 
holes of the long sides 6LE of the spinneret 6 Was changed to 
86°, and that the take-up angle 0a of the single ?bers from the 
outermost spinning holes of the short sides 68E of the spin 
neret 6 Was 89°. 

The obtained ?ber bundle consisted of 16,000 ?laments, 
and had a strength of 6.0 g/dtex and an elongation of 7.1%. 
The ?ber bundle had su?icient properties as an acrylic pre 
cursor ?ber bundle for production of carbon ?bers. 

COMPARATIVE EXAMPLE 1 

A ?ber bundle 166 Was produced using the same apparatus 
and method as those of Example 1, except that the distance 
betWeen the spinneret 6 and the diverting guide 167 Was made 
shorter. 






